Five neonates with congenital tricuspid incompetence due to severe tethering of the tricuspid valve to the right ventricle by abnormal chordal and papillary muscle attachments are described. The abnormality was called tricuspid valvular dysplasia (TVD) if the basal insertion of the valve was normal and the Ebstein malformation if it was displaced into the sinus portion of the ventricle.
SUMMARY
Five neonates with congenital tricuspid incompetence due to severe tethering of the tricuspid valve to the right ventricle by abnormal chordal and papillary muscle attachments are described. The abnormality was called tricuspid valvular dysplasia (TVD) if the basal insertion of the valve was normal and the Ebstein malformation if it was displaced into the sinus portion of the ventricle.
In the two infants with isolated TVD and severe tricuspid regurgitation the functional obstruction to right ventricular outflow (ORVO) produced by the high perinatal pulmonary vascular resistance (PVR) made the exclusion of pulmonary atresia difficult, despite selective right ventricular angiocardiography.
In three infants the tricuspid valvular abnormality was associated with organic ORVO; pulmonary atresia in two and critical pulmonary valve stenosis in one. In the two infants with pulmonary atresia and intact ventricular septum (IVS) the severe tricuspid incompetence produced a clinical, radiological and hemodynamic profile which was clearly different from that usually seen in infants with pulmonary atresia and IVS and a normal right ventricular cavity (type 2 of Greenwold).
Additional Indexing Words:
Congenital heart disease Tricuspid valvular dysplasia Ebstein malformation Pulmonary atresia with intact ventricular septum TRICUSPID VALVULAR DYSPLASIA' (TVD) is characterized pathologically by the abnormal tethering of the tricuspid valve to the right ventricular endocardium by direct leaflet attachment and/or by short chordae tendineae. Similar pathological changes can occur in the Ebstein malformation, which therefore may differ from TVD only in that the basal attachment of one or more leaflets is displaced into the sinus portion of the right ventricle.' TVD and the Ebstein malformation may occur as isolated anomalies or may be associated with pulmonary atresia and intact ventricular septum (IVS) . '-7 The infant with either of these tricuspid valve malformations, whether isolated or associated with pulmonary atresia and IVS, may present in the neonatal period with cyanosis, massive cardiomegaly and heart failure, due to severe tricuspid regurgitation. 2' 5, 8-13 Five neonates with severe congenital tricuspid incompetence form the basis of this report. In two in-fants with isolated TVD the angiocardiographic appearance simulated pulmonary atresia with IVS, probably because of functional obstruction to right ventricular outflow (ORVO). In three infants with organic ORVO, severe tricuspid incompetence was the predominant functional abnormality. Although two of the latter group had pulmonary atresia with IVS and a large right ventricular cavity (type 2 of Greenwold14), their close resemblance to neonates with isolated TVD is stressed.
Case Material
The five patients, tour males and one female, were seen at the Royal Alexandra Hospital for Children between January 1970 and February 1973. There were two patients with isolated TVD; two with pulmonary atresia and IVS, one of whom had the Ebstein malformation and the other TVD; and one with critical pulmonary valve stenosis and TVD. They will not be described individually because they closely resemble one another. The prenatal history and delivery of each infant was uncomplicated. Their birth weights ranged from 2920 gm to 3530 gm. Central cyanosis was noted at birth in two infants, by four hours in two infants and on the fifth day of life in one infant. Four infants were admitted to our hospital within sixteen hours of delivery and one on the eighth day of life.
The cardiovascular physical findings were remarkably similar with the following being common to all the patients: central cyanosis, grade 
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Biplane anigiocardliography as AOT serial cut filmrs were obtained byv the selective injection of Urograflni 60%, 2 nml,/kg body wxeighit, inito the right venitricle. The contrast miedium wxas delivered w'ithin one second by a \Vianiiiiite /Hobbs pressuire injecttor. I In the thiree inifanits xvith organiic ORXV0 the right yentricuilar cayvity xx.as large. The heavy trabecular pattern, produced bx. the enicroachiment of miuscle bands oni the caxvitv of the righit xventricle, xx~hichi is usual ini puilmonary atresia xxith IXVS type 2, xxas ni)t presenit ini these inifanits (figs. 4 and .5), [ 
Discussion
In the nconiate with isolated TIVD, the freely incompetent tricuspid valve may allow the right ventri- Figure 8 T/ic cabniortmicl lc'aflet miorp/holo)gy in tricuispici cca/clctr c/rysplcasia it it/i tioculacr thickening of tire free muargini and extenisionl of the c/iordace tencditicac to t/ie cmnutitis fi brosis. F/ic rig/it cenltric/e is modchrctteliy /iipertrophiecl buit this does riot ecicrocachi upon ti/cc ecaciti; of thuc ccntr ic/c it/ichI is lcarge. BYk rig/it atrium; BVY rig/itcntie cle to pump its systemic venous return retrograde into the low pressure right atrium rather than antegrade into the pulmonary circulation, if the pulmonary vascular resistance (PVR) is high. The tricuspid regurgitation, if severe, will result in massive cardiomegaly and heart failure, and the shunting of systemic venous blood across the interatrial septal defect will result in systemic arterial oxygen desaturation and cyanosis.
In these respects the two neonates with isolated TVD in this report do not differ from previously reported cases.9'12 However there is an important angiocardiographic difference, namely the difficulty in demonstrating an organically unobstructed right ventricular outflow in our cases. This diagnostically misleading finding was not encountered in previously reported cases studied by selective right ventricular angiocardiography.0"`Nevertheless this angiocardiographic appearance could also be attributed to functional ORVO produced by a high perinatal PVR.
Although the exploratory thoracotomy in our infants with isolated TVD could have unfavorably influenced their natural history, their clinical course was not different from five of the six similar cases previously reported who died in the neonatal period without prior operative intervention. The unrelieved hypoxia and hepatomegaly and the terminal low output cardiac failure in these neonates with isolated TVD suggest to us that the expected decrease in their PVR which would have curtailed the tricuspid regurgitation and alleviated the severe volume-load on the right ventricle, did not occur. In addition, closure of the ductus arteriosus may have greatly intensified their hypoxia, since the persistence of the ductus arteriosus is essential for pulmonary blood supply when antegrade flow from the right ventricle is prevented.
There 14 The prominent precordial thrill and loud tricuspid regurgitant murmur, the extreme cardiomegaly and perhaps the electrocardiographic right bundle-branch block indicate the massive tricuspid regurgitation and dilatation of the right heart chambers which were present in the neonates with pulmonary atresia and IVS in this report. Keith, Rowe and Vlad8 described nine patients with similar clinical findings. A precordial thrill is, however, usually absent in patients with pulmonary atresia and IVS type 24 6, 18 and when present, the tricuspid regurgitant murmur is usually soft: grade 2-3/6 in intensity or less.
Although roentgenographic cardiomegaly is a characteristic of pulmonary atresia with IVS type 23' 19 it is uncommonly of the magnitude seen in the patients in this report. Two of the patients described by Schrire, Sutin and Barnard2 are very similar both clinically and radiologically to the neonates in this report.
The finding at cardiac catheterization of a right ventricular peak systolic pressure which is less than the left ventricular peak systolic pressure suggested a severely incompetent tricuspid valve and therefore unobstructed retrograde flow from the right ventricle in our patients. Although similar pressure findings have been recorded in patients with pulmonary atresia and IVS type 28', [10] [11] [12] it is an uncommon finding. Whether severe tricuspid regurgitation was present in these reported cases is not stated.
In a right atrial phasic pressure recording the presence of an "s" wave interrupting the "x" descent is said to denote tricuspid regurgitation.2' This in-dicator of tricuspid regurgitation was present in both our patients with pulmonary atresia and IVS. There is no reference in the literature to the right atrial phasic pressure recording in pulmonary atresia with IVS type 2; however an analysis of the last eight cases seen by us did not reveal this pattern of tricuspid regurgitation in any patient (unpublished data).
The size of the right ventricular cavity in patients with pulmonary atresia and IVS is best assessed by selective right ventricular angiocardiography. The infants in this report had large right ventricular cavities and they did not have the prominent trabecular pattern usually visible in patients with pulmonary atresia and IVS type 2 and produced by the encroachment of large muscle bands on the cavity of the right ventricle. 19 The appearance of the right ventricle, together with the widely dilated tricuspid valve annulus and the massively enlarged right atrium, reflects the severe tricuspid regurgitation present in these patients.
Green, Zeigler and Micher5 recognized that severe tricuspid regurgitation in the infant with pulmonary atresia and IVS could preclude successful pulmonary valvotomy. It seems likely that in these infants functional ORVO prevented the amelioration of the tricuspid regurgitation which ordinarily would have followed pulmonary valvotomy. It was for this reason that tricuspid valve replacement was performed in one of the patients with pulmonary atresia and IVS in this report. Although this patient, who was in profound low output cardiac failure with severe acidemia prior to operation, did not survive, the procedure proved to be technically practicable.
We would only consider tricuspid valve replacement in patients with pulmonary atresia and IVS and tricuspid incompetence when the tricuspid regurgitation was judged to be massive by the clinical, radiological, hemodynamic and angiocardiographic criteria outlined above. Even so, there remains, as in the neonate with isolated TVD and severe tricuspid regurgitation, the uncertainty as to whether the right ventricle of these infants can withstand the acutely increased afterload which might follow tricuspid valve replacement.
